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Abstract
Background: Cardiovascular disease (CVD) is the leading cause of premature death and disability in Europe, accounting for
4 million deaths per year and costing the European Union economy almost €196 billion annually. There is strong evidence to
suggest that exercise-based secondary rehabilitation programs can decrease the mortality risk and improve health among patients
with CVD. Theory-informed use of behavior change techniques (BCTs) is important in the design of cardiac rehabilitation
programs aimed at changing cardiovascular risk factors. Electronic health (eHealth) is the use of information and communication
technologies (ICTs) for health. This emerging area of health care has the ability to enhance self-management of chronic disease
by making health care more accessible, affordable, and available to the public. However, evidence-based information on the use
of BCTs in eHealth interventions is limited, and particularly so, for individuals living with CVD.
Objective: The aim of this systematic review was to assess the application of BCTs in eHealth interventions designed to increase
physical activity (PA) in CVD populations.
Methods: A total of 7 electronic databases, including EBSCOhost (MEDLINE, PsycINFO, Academic Search Complete,
SPORTDiscus with Full Text, and CINAHL Complete), Scopus, and Web of Science (Core Collection) were searched. Two
authors independently reviewed references using the software package Covidence (Veritas Health Innovation). The reviewers
met to resolve any discrepancies, with a third independent reviewer acting as an arbitrator when required. Following this, data
were extracted from the papers that met the inclusion criteria. Bias assessment of the studies was carried out using the Cochrane
Collaboration’s tool for assessing the risk of bias within Covidence; this was followed by a narrative synthesis.
Results: Out of the 987 studies that were identified, 14 were included in the review. An additional 9 studies were added following
a hand search of review paper references. The average number of BCTs used across the 23 studies was 7.2 (range 1-19). The top
three most frequently used BCTs included information about health consequences (78%, 18/23), goal setting (behavior; 74%,
17/23), and joint third, self-monitoring of behavior and social support (practical) were included in 11 studies (48%, 11/23) each.
Conclusions: This systematic review is the first to investigate the use of BCTs in PA eHealth interventions specifically designed
for people with CVD. This research will have clear implications for health care policy and research by outlining the BCTs used
in eHealth interventions for chronic illnesses, in particular CVD, thereby providing clear foundations for further research and
developments in the area.
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Introduction
Cardiovascular disease (CVD) is the leading cause of mortality
worldwide, accounting for 30% of global deaths and 48% of
deaths in Europe [1]. Cardiac rehabilitation (CR), which is used
to reduce the impact of CVD and to promote healthy behaviors
and active lifestyles for those with CVD [2], has been shown
to improve physical health and decrease subsequent morbidity
and mortality rates in CVD populations [3]. The main modality
of CR is exercise. Two systematic reviews of exercise-based
CR, which included 48 randomized controlled trials (RCTs),
showed a 20% reduction in all-cause mortality and a 27%
reduction in cardiac mortality at 2 to 5 years [4,5].
The efficacy of standard CR has been extensively reviewed. In
terms of mortality rates, a systematic review and meta-analysis
of 34 RCTs (n=6111 myocardial infarction patients) showed
that those who attended CR had a lower risk of all-cause
mortality than non-attendees (odds ratio=0.74, 95% CI
0.58-0.95) [6]. With respect to hospital admissions, a Cochrane
review of 33 RCTs (n=4740 patients with heart failure) showed
that CR reduced the risk of overall hospitalization (relative risk,
RR=0.75, 95% CI 0.62-0.92; absolute risk reduction,
ARR=7.1%; number needed to treat, NNT=15) and
hospitalization for heart failure (RR=0.61, 95% CI 0.46-0.80;
ARR=5.8%; NNT=18) [7]. A US observational study (n=635
coronary heart disease [CHD] patients) reported improvements
in depression, anxiety, and hospital scores after CR [8]. CR has
also been found to improve psychological well-being and to
facilitate an improvement in quality of life. One of the most
significant benefits of CR exercise training to participants is the
improvement in aerobic capacity and cardiorespiratory fitness
[9].
Even though CR has been shown to be effective, adherence to
these programs is generally suboptimal. Participation rates in
CR are documented at less than 50% worldwide [10]. Results
from a Cochrane systematic review revealed that common
barriers to adherence to CR programs included accessibility and
parking at local hospitals, a dislike of group environments and
work or domestic commitments [3]. In 2012, a Heart journal
editorial concluded that CR should not only focus on content
such as CHD risk factor modification and medication adherence
but should also focus on the delivery mechanisms, thereby
offering a range of different delivery methods for people
according to their preferences and needs and potentially
addressing the issue of low levels of participation [11]. The
delivery of CR to date has largely been center-based, either in
hospitals or community centers. However, in more recent times,
there has been a shift toward a more home-based model of care.
A systematic review by Dalal and colleagues [3] found that both
home- and center-based forms of CR are equally effective in
improving clinical and health-related quality of life outcomes
in patients with CVD, suggesting the further provision of
additional evidence-based home CR programs. A Cochrane
review found that home-based interventions may be superior
in terms of adherence to exercise, especially in the long term
[12]. This would ensure that patients are given the choice of
participating in a more traditional supervised center-based
program or a home-based program, based on their personal
preference.
The emerging area of electronic health (eHealth), defined as the
use of information and communication technologies (ICTs) for
health [13] may provide this alternative home-based delivery
method. Interventions that encompass ICT (eg, Internet- and
mobile-based communications and wearable monitors) enable
the efficient delivery of educational resources, individually
tailored health and wellness programs, as well as time-unlimited
feedback, coaching and support [14]. Technology solutions for
physical activity (PA) uptake and monitoring are being
undertaken as a new mode of facilitating behavior change and
may impact the current delivery of CR [15]. Telerehabilitation
solutions refer to the use of ICT to provide rehabilitation services
to people. Literature in this area for cardiac patients indicates
that such interventions are feasible and effective when compared
with conventional center-based CR [16].
Furthermore, eHealth interventions have been showing
promising results in CR, supporting behavior change, clinical
improvement, and improved social functioning. In 2013, Beatty
and colleagues [17] conducted a review of mobile interventions
for CR, identifying only three studies for inclusion. More
recently, the interest in eHealth and mobile health (mHealth)
has risen dramatically, indicating the increased focus in this
field over recent years. Buys and colleagues [15] investigated
the interest among cardiac patients in technology-enabled
cardiovascular rehabilitation. Of the 298 patient (77% male;
mean age 61.7 years [SD 14.5]) questionnaires included in the
analysis, 97% had a mobile phone and 91% used the Internet.
PA monitoring was reported by 12% of the respondents. Overall,
cardiac patients showed a high interest in CR support through
the Internet (77%) and mobile phones (68%). These findings
suggest that patients with CVD show an interest in
technology-enabled home-based CR, potentially allowing
exercise-based rehabilitation programs to be more effective by
making them more accessible, personalized, and more interactive
with patients.
Behavior change techniques (BCTs) are integral to the design
of complex health service interventions such as CR. A BCT is
defined as “an observable, replicable, and irreducible component
of an intervention designed to alter or redirect causal processes
that regulate behavior, that is, a technique is proposed to be an
‘active ingredient’” [18]. The Medical Research Council (MRC)
guidelines recommend the application of behavior change theory
within complex health service interventions to allow for a
theoretical understanding of behavior change [19]. The National
Institute for Health and Care Excellence (NICE; [20]) guidelines
on individual-level behavior change interventions aimed at
changing health-damaging behaviors such as unhealthy diet,
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physical inactivity, excessive alcohol consumption, unsafe sex,
and smoking, recommend the use of evidence-based BCTs,
which have been proven to be effective at changing behavior
such as goals and planning, feedback and monitoring, and social
support. Despite this guidance, few interventions pay close
attention to the behavior change theory and techniques used to
design their interventions. In particular, the poor description of
interventions in research protocols and published reports
presents a barrier for future design of complex interventions
[21], as it is difficult to identify the active and effective
components of the intervention [18]. The proliferation of eHealth
interventions requires the coding of such interventions to
facilitate future research to compare accurately across
interventions. With that in mind, this systematic review aims
to identify the key BCTs applied in eHealth PA interventions
for adults with CVD.
Methods
This systematic review is reported in line with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidance. The inclusion criteria for studies were as
follows: human- and quasi-RCTs, published and unpublished,
of PA eHealth interventions for adults (aged ≥18 years) clinically
diagnosed with CVD. Studies were included if the main
intervention component was delivered via a computer, mobile
phone, tablet, or phone (eg, mobile phone app, emails, text
messages, and phone calls) with the primary or secondary aim
of increasing the PA level of the user. The interventions could
be delivered to groups or individuals. The inclusion criteria was
kept quite broad to identify as many studies as possible with
PA as a primary or secondary outcome, as well as studies that
had PA as a component of the intervention.
The behavior change taxonomy version 1 was used to identify
the specific BCTs used within the included studies [18]. Two
researchers coded for the BCTs using the taxonomy.
Outcome Measures
A description of the BCTs and their frequency of use in the 23
eHealth interventions reviewed were classified using a BCT
taxonomy by Michie and colleagues. Due to the heterogeneous
nature of the studies differing in PA outcome measures and time
points, we were unable to carry out a meta-analysis examining
the effectiveness of the BCTs in relation to the PA outcomes.
Search Methods for the Identification of Studies
Seven electronic databases were searched, including MEDLINE
(via EBSCOhost, 2000-2016), PsycINFO (via EBSCOhost,
2000-2016), Academic Search Complete (via EBSCOhost,
2000-2016), SPORTDiscus (via EBSCOhost, 2000-2016),
CINAHL Complete (via EBSCOhost, 2000-2016), Scopus
(2000-2016) and Web of Science (Core Collection; 2000-2016).
The search was restricted to studies published in English
between 2000 and 2016. The search strategy used keywords
relating to PA, eHealth interventions, CVD and adults, as well
as appropriate synonyms. Boolean operators were used to
expand, exclude, or join keywords in the search, using the terms
“AND” and “OR.” In all the databases, the searches were limited
to the fields of abstract and title only. The search strategy for
all databases is illustrated in the Multimedia Appendix 1.
Selection of Studies
Figure 1 shows the PRISMA flow diagram of reviewed and
included studies. One researcher conducted the database search.
All the studies identified following the database search were
then uploaded to the Web-based systematic review software
package “Covidence” (Veritas Health Innovation). First, a title
and abstract review of all studies was completed independently
by 2 authors. Any disagreements were discussed until a
consensus was reached, or a third reviewer helped to resolve
the discrepancy. A record was kept of all the studies excluded
and the reason for exclusion via Covidence. Second, all the
studies that met the inclusion criteria went through a full-text
screening process by the 2 authors independently. Again, any
disagreements between the authors on the eligibility of the
studies were reviewed by a third author. Additional studies were
also identified for inclusion by reviewing the reference lists of
review papers through a hand search.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of reviewed and included studies.
Data Extraction
Data from the studies were extracted independently by 2 review
authors using a data extraction template. Data extracted from
the studies included study title, authors, country, year, patient
group (sample size), inclusion criteria, study design, technology
involvement, assessment, intervention details, outcomes, theory
involved, BCTs identified, and results. No blinding to study
author, institution, or journal occurred during the screening
process for the study.
If multiple publications of the same study were identified, the
team would try to extract and combine all the available data;
where there was doubt, the original publication would be given
priority. If data seemed to be missing from a study, we tried to
obtain the missing data through correspondence with the study
authors. The review team resolved any disagreements regarding
study eligibility through group discussion.
Assessment of Risk Bias
Two reviewers assessed each study for risk of bias (high, low,
or unclear) using the Cochrane Collaboration’s risk of bias tool
[22]. A third review author acted as arbitrator, if necessary. The
results of the risk of bias assessment were then exported to
RevMan to create a visual representation of the publication bias
(see Figure 2).
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Figure 2. Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies.
Assessing for Heterogeneity
Diversity across the studies was assessed qualitatively in terms
of eHealth intervention, patient characteristics, and outcome
measures.
Data Synthesis
Following the extraction of data from the studies, careful
consideration was given to the appropriateness of conducting
a meta-analysis. As the studies were too heterogeneous to
combine statistically, the data were synthesized qualitatively.
Behavior Change Techniques
To gain an understanding of the types of BCTs used in PA
eHealth interventions in this patient population, 2 authors
screened the included studies and coded the BCTs used in each
study using Michie and colleagues BCT taxonomy [18].
Results
The search criteria returned 1391 studies through the database
search. A total of 404 duplicates were removed, leaving 987
studies to screen. The title and abstracts of the studies were then
screened by 2 reviewers, resulting in 891 records excluded for
not meeting the inclusion criteria. The authors reviewed the full
text of 96 studies, identifying 14 studies for inclusion in this
review. From a hand search of review paper references, an
additional 58 studies were identified as potentially eligible.
Following a full-text review of these papers, nine studies were
included in the review. Therefore, a total of 23 studies were
included in the qualitative synthesis.
Study Characteristics
For an overview of the included studies and the PA results, see
Multimedia Appendix 2. Of the 23 studies included, 14 studies
comprised an Internet or Web-based program and/or mobile
phone intervention [23-36], three studies were telephone
interventions [37-39], two studies used a telehealth device
[40,41], and the remaining two studies comprised a form of
telemonitoring [42,43]. Single studies comprising
videoconferencing [44] and virtual reality wraparound screens
[45] were also found. Of the 20 studies with a control group,
17 involved “usual care” as the control. Usual care
predominately pertained to receiving standard CR services
[25-29,31,33-37,39-42,44,45]. Eight studies were carried out
in Europe [23,24,27,28,30,32,39,43], whereas seven of the
studies were conducted in North America/South America
[29,32,34,36,37,40,41]. Three studies apiece were conducted
in Australia [25,35,38] and New Zealand [26,31,44], and two
studies were conducted in Asia [25,42].
The majority of participants were recruited from
hospitals/medical centers [23-27,29,30,32-41,43,45]. One study
recruited participants from a general practitioner CHD registry
[30], whereas another recruited from a CR referral list [38].
Tomita and colleagues [34] recruited participants from 3
hospitals and 2 health insurance companies. One study recruited
participants from primary and community health services [35].
Outcomes were assessed from 3 weeks [41] to 16 months [39],
with the average end point across the 23 studies at 4.5 months.
Behavior Change Techniques
Only two out of the 23 studies explicitly mentioned the BCTs
applied [26,27]. From the other studies, 2 reviewers coded the
BCTs from the program description. Multimedia Appendix 3
outlines the number of BCTs used in each study as well a
comprehensive list of the techniques used. The average number
of BCTs employed in the included studies was 7.2 (range: 1-14).
The top three most frequently used BCTs were information
about health consequences (78%; 18/23), goal setting (behavior;
74%, 17/23) and joint third, self-monitoring of behavior and
social support (practical) (48%; 11/23 each) (see Multimedia
Appendix 4). The Text4Heart study conducted by Dale and
colleagues [26] employed 14 BCTs—using the maximum
number of BCTs out of all the studies. These were goal setting
(behavior), problem solving, review outcome goals, feedback
on behavior, self-monitoring of behavior, social support
(unspecified), instruction on how to perform the behavior,
information about health consequences, demonstration of the
behavior, social comparison, prompts/cues, graded tasks,
credible source, and reduce negative emotions. A study by
Barnason and colleagues [41] used the lowest number of BCTs
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of the 23 studies included in the review, employing just one
BCT - graded tasks.
The most common BCT group used in the 23 included studies
was feedback and monitoring, whereas the second most common
group was goals and planning. This was followed by social
support. Four groups that did not appear in any of the 23
included studies were identity, scheduled consequences,
self-belief, and covert learning.
Multimedia Appendix 4 outlines the frequency of use of the
BCTs across the 23 studies, the BCT taxonomy group, and an
example of how a BCT was incorporated into a study. Only two
BCTs were used in over 70% of the studies; these were 5.1
information about health consequences (78%) and 1.1 goal
setting (behavior; 74%). Additionally, four BCTs were used in
over 40% of the studies; these included 2.2 feedback on behavior
(43%), 2.3 self-monitoring of behavior (48%), 3.2 social support
(practical; 48%), and 4.1 instruction on how to perform the
behavior (43%). Several BCTs, including 10.3 nonspecific
reward, 12.1 restructuring the physical environment, 12.5 adding
objects to the environment, 11.1 pharmacological support, 6.1
demonstration of the behavior, 6.2 social comparison, 1.7 review
outcome goals, 10.4 social reward, and 1.8 behavioral contract
were only used in one study (see Multimedia Appendix 4 for
more details).
Table 1. Frequency of behavior change techniques (BCTs) used in the studies with improved physical activity (PA) outcome.
Total number of studies N=8
n (%)
Behavior change technique label
6 (75)1.1 Goal setting (behavior)
6 (75)5.1 Information about health consequences
5 (63)2.2 Feedback on behavior
5 (63)4.1 Instruction on how to perform the behavior
4 (50)2.3 Self-monitoring of behavior
4 (50)3.2 Social support (practical)
3 (38)3.1 Social support (unspecified)
3 (38)9.1 Credible source
2 (25)1.2 Problem solving
2 (25)1.5 Review behavior goals
2 (25)3.3 Social support (emotional)
2 (25)7.1 Prompts/cues
2 (25)8.7 Graded tasks
2 (25)11.2 Reduce negative emotions
1 (13)1.4 Action planning
1 (13)2.4 Self-monitoring of outcomes of behavior
1 (13)2.6 Biofeedback
1 (13)2.7 Feedback on outcomes of behavior
1 (13)10.4 Social reward
1 (13)11.1 Pharmacological support
0 (0)1.3 Goal setting (outcome)
0 (0)1.7 Review outcome goals
0 (0)1.8 Behavioral contract
0 (0)2.1 Monitoring of behavior by others without feedback
0 (0)2.5 Monitoring of outcomes of behavior without feedback
0 (0)6.1 Demonstration of the behavior
0 (0)6.2 Social comparison
0 (0)10.3 Nonspecific reward
0 (0)12.1 Restructuring the physical environment
0 (0)12.5 Adding objects to the environment
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Behavior Change Techniques Linked to Improved
Physical Activity Outcomes
Eight of the 15 interventions that had PA as an outcome measure
reported statistically significant improvements in PA between
the experimental and control groups. Goal setting (behavior)
and information about health consequences were the most
frequently used BCTs across the eight studies (n=6 each). This
was followed by feedback on behavior and instruction on how
to perform the behavior, which were incorporated in five studies
each. The following BCTs were also included in the
interventions that had an improved PA outcome at the final end
point: self-monitoring of behavior, social support (practical),
social support (unspecified), credible source, problem solving,
review behavior goals, social support (emotional), prompts/cues,
graded tasks, reduce negative emotions, action planning,
self-monitoring of outcomes of behavior, biofeedback, feedback
on outcomes of behavior, social reward, and pharmacological
support (Table 1).
It is worth noting that the interventions that did not demonstrate
a significant increase in PA (n=5) were at par with the level
achieved in standard CR, as no significant differences between
the control and experimental groups were found. This is an
important finding, as it highlights the fact that the eHealth
interventions were at par with or were significantly better at
improving PA levels of cardiac patients when compared with
standard cardiac services. This emphasizes the potential of
eHealth interventions in a CR setting.
To further examine the efficacy of the individual BCTs, the
interventions were grouped into four groups depending on
whether PA was measured objectively or subjectively and
whether there was a difference between experimental and control
groups. Once the interventions were grouped, we sought to
examine whether there were any common BCTs used across
the studies (see Multimedia Appendix 5). This task allowed us
to examine whether there were any similarities between the
interventions in terms of the BCTs they employed. Objective
and self-report studies with no difference between experimental
and control groups were the only groups with similarities in the
BCTs they employed. Social support (practical) and information
about health consequences were employed in all self-report
studies where there was no PA difference between the
experimental and control groups. Goal setting (behavior) and
feedback on behavior were employed in all PA objectively
measured interventions where no significant difference was
found between groups at the final end point. However, there
were no similarities in the BCTs used across all the effective
interventions, regardless of whether PA was measured
objectively or subjectively. Furthermore, the average number
of BCTs used across significant interventions did not differ, as
the studies that increased PA versus those that did not increase
PA employed an average of seven BCTs.
Discussion
Summary
This systematic review comprised 23 studies reviewing the use
of BCTs in PA eHealth interventions for adults with CVD. To
our knowledge, this is the first review that aimed to identify the
use of Michie and colleagues behavior change taxonomy in PA
eHealth intervention studies among this population. The findings
of the review indicate that on an average, 7.2 BCTs were
employed in the 23 studies. Information about health
consequences was the most frequently used technique, with
78% of the studies incorporating this technique into their
intervention. This was followed closely by goal setting
(behavior), which was used in 74% of the studies, with
self-monitoring of behavior and social support (practical) each
employed in 48% of the studies.
Although Michie and colleagues BCT taxonomy is comprised
of 93 different techniques, the maximum number of techniques
used in a single intervention was 14 [26]. These were goal
setting (behavior), problem solving, review outcome goals,
feedback on behavior, self-monitoring of behavior, social
support (unspecified), instruction on how to perform the
behavior, information about health consequences, demonstration
of the behavior, social comparison, prompts/cues, graded tasks,
credible source, and reduce negative emotions. The minimum
number of techniques used in a study was one - graded tasks
[41]. A failing of the studies included in this review was the
poor description of the intervention components. Only two
studies in the review specifically mentioned the BCTs
incorporated in their interventions [26,27]. However, even
though the paper by Devi and colleagues [27] listed the BCTs
used, it failed to link the BCTs used to the intervention functions
or components. In the study by Dale [26], the researchers
provided only examples of text messages linked to BCTs. None
of the studies gave a full account of the BCTs used in their
studies and how these were linked to the intervention
components. This finding is in line with previous research,
where reviews of nearly 1000 behavior change outcome studies
found that interventions were fully and accurately described in
only 5% to 30% of experimental studies [46-49]. Overall, this
lack of robust and detailed information on the intervention
functions provides a significant barrier to better understand the
effects and mechanisms of behavior change interventions and
to inform the development of more effective interventions in
the future [16].
Another key issue relating to the poor description of behavior
change interventions is the inconsistent use of terminology. This
variation in terminology used makes the coding of the techniques
used even more difficult when reviewing behavior change
interventions. For example, social support (unspecified) was
coded for in 39% of the studies included in the review by the
reviewers. Terminology varied across the studies where social
support was coded; for example, one study used a social
reinforcement network [24], another incorporated mentors into
their intervention [35], whereas another study involved tutorials
in their intervention [33]. The reviewers coded these examples
as social support (unspecified); however, this BCT was not
specifically mentioned in any of the studies. Therefore, there is
a need to have consistent terminology and sufficient information
on intervention components to allow for the replication of
interventions that have been found to be effective. The lack of
such information appears to be particularly problematic in
behavioral interventions rather than in pharmacological ones
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[21]. In a workshop, 26 multidisciplinary researchers were
presented with behavioral or pharmacological intervention
protocols and were asked whether the protocol provided
sufficient information so that the study could be replicated in a
practice setting. The researchers were less confident that they
could replicate the behavioral interventions compared with the
pharmacological interventions (t=6.45, P<.001) and concluded
they would need more information for the replication of
behavioral interventions (U=35.5, P=.02; [50]).
This review provides new and important information regarding
the use of BCTs in eHealth PA for adults with CVD,
highlighting the frequent use of the following BCTs: information
about health consequences, goal setting (behavior),
self-monitoring of behavior and social support (practical).
However, it is clear that more robust and comprehensive
interventions are needed, which systematically and coherently
detail the BCTs used in the interventions. Identifying the active
ingredients of the interventions will enable researchers to
examine the effectiveness of these key intervention components,
ensuring that the most effective BCTs are used regarding
eHealth PA interventions for adults with CVD.
Strengths and Limitations
A major strength of this review was the authors’ attempt to
identify all relevant studies by using a comprehensive search
strategy and multiple databases. The authors’ also hand-searched
review paper references to identify any additional studies that
may have been relevant to the review. All the studies identified
following the database search were then uploaded to the
Web-based systematic review software package “Covidence”
(Veritas Health Innovation). This allowed for a systematic and
comprehensive approach to screening the studies and coding
the reasons for exclusion. This software also enabled the
screening for risk of bias in a simple and efficient way. From
this, a visual representation of the publication bias was produced
using RevMan.
A limitation of this review was the wide variability among the
studies included, with study designs ranging from RCTs, to
feasibility studies and pilot trials. However, it was necessary to
include all the studies and not just RCTs to identify as many
PA eHealth interventions as possible. There was also a lack of
consistency in the measurement of PA across the studies, from
subjective to objective assessments. The follow-up duration
also varied significantly from 3 weeks to 16 months. This meant
that it was impossible to pool the results in a meta-analysis.
Many studies measured the physical fitness of their participants,
as opposed to their PA levels. Although all the interventions
had a PA/exercise component to their eHealth intervention,
some studies did not directly measure the PA level of the
participants. We can therefore only infer from the studies that
by increasing PA behavior, the physical fitness outcome
improved. This inference of a causal relationship between PA
and physical fitness is a limitation to these studies. Another
limitation is the variety of methods used to measure PA,
meaning that the comparison between studies is challenging
and therefore determining the impact of specific BCTs is
impossible.
Implications for Research and Practice
This systematic review highlights the need for more robust and
comprehensive eHealth PA interventions for adults with CVD.
Although the most frequently used BCTs were identified, it is
worth noting that the majority of studies did not specifically
detail the active ingredients of their interventions. Further work
is also needed to determine the most appropriate measurement
of PA among this population so that interventions use the best
subjective and/or objective measurements, thereby ensuring
that comparisons can be easily drawn across studies. This review
also highlights the importance of identifying the BCTs used
within a study and their link to the intervention components to
understand the ingredients that bring about the desired behavior
change. It is only by identifying these mechanisms of change
that we can understand why an intervention was found to be
effective or not.
 
Acknowledgments
This research has been funded by the Science Foundation Ireland (SFI) under grant number SFI/12/RC/2289 and our industry
partner, Acquis-bi based in Los Gatos, California.
Authors' Contributions
OD ran the keyword search in the chosen databases, reviewed all the papers for inclusion and exclusion, and also drafted, in large
part, the first version of the manuscript. DW was the second reviewer who reviewed the papers for inclusion and exclusion in the
review. DW and OD independently extracted data from the final papers for inclusion. CW was the third reviewer, if any
discrepancies occurred between OD and DW in the review and data extraction processes. CW, DW, and BF revised and provided
feedback on the drafts on the manuscript. KW and NOC also provided feedback on the manuscript. All authors have read and
approved the final version of the manuscript.
Conflicts of Interest
None declared.
J Med Internet Res 2017 | vol. 19 | iss. 8 | e281 | p.8http://www.jmir.org/2017/8/e281/
(page number not for citation purposes)
Duff et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
Multimedia Appendix 1
Keyword searches.
[PDF File (Adobe PDF File), 29KB - jmir_v19i8e281_app1.pdf ]
Multimedia Appendix 2
Information on included studies.
[PDF File (Adobe PDF File), 93KB - jmir_v19i8e281_app2.pdf ]
Multimedia Appendix 3
Behavior change techniques used in the included studies.
[PDF File (Adobe PDF File), 93KB - jmir_v19i8e281_app3.pdf ]
Multimedia Appendix 4
Frequency of behavior change techniques (BCTs) used in the included studies.
[PDF File (Adobe PDF File), 36KB - jmir_v19i8e281_app4.pdf ]
Multimedia Appendix 5
Link between Interventions and behavior change techniques.
[PDF File (Adobe PDF File), 66KB - jmir_v19i8e281_app5.pdf ]
References
1. Allender S, Scarborough P, Peto V, Rayner M, Leal J, Luengo-Fernandez R, et al. BHF. 2008. European cardiovascular
disease statistics 2008 URL: https://www.bhf.org.uk/publications/statistics/european-cardiovascular-disease-statistics-2008
[accessed 2017-07-26] [WebCite Cache ID 6sEpXW3WO]
2. Balady G, Ades PA, Comoss P, Limacher M, Pina IL, Southard D, et al. Core components of cardiac rehabilitation/secondary
prevention programs: a statement for healthcare professionals from the American heart association and the American
association of cardiovascular and pulmonary rehabilitation writing group. Circulation 2000 Aug 29;102(9):1069-1073
[FREE Full text] [Medline: 10961975]
3. Dalal H, Zawada A, Jolly K, Moxham T, Taylor RS. Home based versus centre based cardiac rehabilitation: Cochrane
systematic review and meta-analysis. BMJ 2010 Jan 19;340:b5631 [FREE Full text] [doi: 10.1136/bmj.b5631]
4. Jolliffe JA, Rees K, Taylor RS, Thompson D, Oldridge N, Ebrahim S. Exercise-based rehabilitation for coronary heart
disease. Cochrane Database Syst Rev 2001(1):CD001800. [doi: 10.1002/14651858.CD001800] [Medline: 11279730]
5. Taylor R, Brown A, Ebrahim S, Jolliffe J, Noorani H, Rees K, et al. Exercise-based rehabilitation for patients with coronary
heart disease: systematic review and meta-analysis of randomized controlled trials. Am J Med 2004 May 15;116(10):682-692.
[doi: 10.1016/j.amjmed.2004.01.009] [Medline: 15121495]
6. Lawler P, Filion K, Eisenberg M. Efficacy of exercise-based cardiac rehabilitation post-myocardial infarction: a systematic
review and meta-analysis of randomized controlled trials. Am Heart J 2011 Oct;162(4):571-584.e2. [doi:
10.1016/j.ahj.2011.07.017] [Medline: 21982647]
7. Sagar VA, Davies EJ, Briscoe S, Coats AJS, Dalal HM, Lough F, et al. Exercise-based rehabilitation for heart failure:
systematic review and meta-analysis. Open Heart 2015;2(1):e000163 [FREE Full text] [doi: 10.1136/openhrt-2014-000163]
[Medline: 25685361]
8. Lavie CJ, Milani RV. Adverse psychological and coronary risk profiles in young patients with coronary artery disease and
benefits of formal cardiac rehabilitation. Arch Intern Med 2006 Sep 25;166(17):1878-1883. [doi:
10.1001/archinte.166.17.1878] [Medline: 17000945]
9. Menezes AR, Lavie CJ, Milani RV, Arena RA, Church TS. Cardiac rehabilitation and exercise therapy in the elderly: should
we invest in the aged? J Geriatr Cardiol 2012 Mar;9(1):68-75 [FREE Full text] [doi: 10.3724/SP.J.1263.2012.00068]
[Medline: 22783325]
10. Bjarnason-Wehrens B, McGee H, Zwisler A, Piepoli MF, Benzer W, Schmid J, Cardiac Rehabilitation Section European
Association of Cardiovascular PreventionRehabilitation. Cardiac rehabilitation in Europe: results from the European cardiac
rehabilitation inventory survey. Eur J Cardiovasc Prev Rehabil 2010 Aug;17(4):410-418. [doi:
10.1097/HJR.0b013e328334f42d] [Medline: 20300001]
11. Jones R, Furze G, Buckley J, Speck L, Carver C, Connolly S, et al. RAMIT presents an outdated version of cardiac
rehabilitation. Heart 2012;98(8):672 [FREE Full text] [doi: 10.1136/heartjnl-2012-301766] [Medline: 22505465]
J Med Internet Res 2017 | vol. 19 | iss. 8 | e281 | p.9http://www.jmir.org/2017/8/e281/
(page number not for citation purposes)
Duff et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
12. Ashworth NL, Chad KE, Harrison EL, Reeder BA, Marshall SC. Home versus center based physical activity programs in
older adults. Cochrane Database Syst Rev 2005 Jan 25(1):CD004017. [doi: 10.1002/14651858.CD004017.pub2] [Medline:
15674925]
13. World Health Organisation. WHO. 2012. Legal frameworks for eHealth URL: http://apps.who.int/iris/bitstream/10665/
44807/1/9789241503143_eng.pdf [accessed 2017-07-26] [WebCite Cache ID 6sErv9fRO]
14. Krebs P, Prochaska JO, Rossi JS. A meta-analysis of computer-tailored interventions for health behavior change. Prev Med
2010;51(3-4):214-221 [FREE Full text] [doi: 10.1016/j.ypmed.2010.06.004] [Medline: 20558196]
15. Buys R, Claes J, Walsh D, Cornelis N, Moran K, Budts W, et al. Cardiac patients show high interest in technology enabled
cardiovascular rehabilitation. BMC Med Inform Decis Mak 2016 Jul 19;16:95 [FREE Full text] [doi:
10.1186/s12911-016-0329-9] [Medline: 27431419]
16. Frederix I, Vanhees L, Dendale P, Goetschalckx K. A review of telerehabilitation for cardiac patients. J Telemed Telecare
2015 Jan;21(1):45-53. [doi: 10.1177/1357633X14562732] [Medline: 25475219]
17. Beatty A, Fukuoka Y, Whooley MA. Using mobile technology for cardiac rehabilitation: a review and framework for
development and evaluation. J Am Heart Assoc 2013 Nov 01;2(6):e000568 [FREE Full text] [doi: 10.1161/JAHA.113.000568]
[Medline: 24185949]
18. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]
19. Davis R, Campbell R, Hildon Z, Hobbs L, Michie S. Theories of behaviour and behaviour change across the social and
behavioural sciences: a scoping review. Health Psychol Rev 2015;9(3):323-344 [FREE Full text] [doi:
10.1080/17437199.2014.941722] [Medline: 25104107]
20. National Institute for Health and Care Excellence. NICE. 2014. Behaviour change: individual approaches URL: https:/
/www.nice.org.uk/guidance/ph49/resources/behaviour-change-individual-approaches-pdf-1996366337989 [accessed
2017-07-26] [WebCite Cache ID 6sEt1x24G]
21. Michie S, Fixsen D, Grimshaw JM, Eccles MP. Specifying and reporting complex behaviour change interventions: the need
for a scientific method. Implement Sci 2009 Jul 16;4:40 [FREE Full text] [doi: 10.1186/1748-5908-4-40] [Medline:
19607700]
22. Higgins J, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The Cochrane collaboration's tool for assessing risk of bias in randomised trials. BMJ 2011 Oct 18;343:d5928
[FREE Full text] [Medline: 22008217]
23. Ammenwerth E, Woess S, Baumgartner C, Fetz B, van der Heidt A, Kastner P, et al. Evaluation of an integrated
telemonitoring surveillance system in patients with coronary heart disease. Methods Inf Med 2015;54(5):388-397 [FREE
Full text] [doi: 10.3414/ME15-02-0002] [Medline: 26395147]
24. Antypas K, Wangberg SC. An internet- and mobile-based tailored intervention to enhance maintenance of physical activity
after cardiac rehabilitation: short-term results of a randomized controlled trial. Journal of Medical Internet Research
2014;16(3):e77 [FREE Full text] [doi: 10.2196/jmir.3132] [Medline: 24618349]
25. Chow C, Redfern J, Hillis GS, Thakkar J, Santo K, Hackett ML, et al. Effect of lifestyle-focused text messaging on risk
factor modification in patients with coronary heart disease: a randomized clinical trial. JAMA 2015;314(12):1255-1263.
[doi: 10.1001/jama.2015.10945] [Medline: 26393848]
26. Pfaeffli DL, Whittaker R, Jiang Y, Stewart R, Rolleston A, Maddison R. Text message and internet support for coronary
heart disease self-management: results from the text4heart randomized controlled trial. J Med Internet Res 2015 Oct
21;17(10):e237 [FREE Full text] [doi: 10.2196/jmir.4944] [Medline: 26490012]
27. Devi R, Powell J, Singh S. A web-based program improves physical activity outcomes in a primary care angina population:
randomized controlled trial. J Med Internet Res 2014 Sep 12;16(9):e186 [FREE Full text] [doi: 10.2196/jmir.3340] [Medline:
25217464]
28. Frederix I, Hansen D, Coninx K, Vandervoort P, Vandijck D, Hens N, et al. Medium-term effectiveness of a comprehensive
internet-based and patient-specific telerehabilitation program with text messaging support for cardiac patients: randomized
controlled trial. J Med Internet Res 2015 Jul 23;17(7):e185 [FREE Full text] [doi: 10.2196/jmir.4799] [Medline: 26206311]
29. Lear SA, Singer J, Banner-Lukaris D, Horvat D, Park JE, Bates J, et al. Randomized trial of a virtual cardiac rehabilitation
program delivered at a distance via the Internet. Circ Cardiovasc Qual Outcomes 2014 Nov;7(6):952-959 [FREE Full text]
[doi: 10.1161/CIRCOUTCOMES.114.001230] [Medline: 25271050]
30. Lindsay S, Smith S, Bellaby P, Baker R. The health impact of an online heart disease support group: a comparison of
moderated versus unmoderated support. Health Educ Res 2009 Aug;24(4):646-654. [doi: 10.1093/her/cyp001] [Medline:
19251770]
31. Maddison R, Pfaeffli L, Whittaker R, Stewart R, Kerr A, Jiang Y, et al. A mobile phone intervention increases physical
activity in people with cardiovascular disease: Results from the HEART randomized controlled trial. Eur J Prev Cardiol
2015 Jun;22(6):701-709. [doi: 10.1177/2047487314535076] [Medline: 24817694]
J Med Internet Res 2017 | vol. 19 | iss. 8 | e281 | p.10http://www.jmir.org/2017/8/e281/
(page number not for citation purposes)
Duff et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
32. Piotrowicz E, Korzeniowska-Kubacka I, Chrapowicka A, Wolszakiewicz J, Dobraszkiewicz-Wasilewska B, Batogowski
M, et al. Feasibility of home-based cardiac telerehabilitation: results of TeleInterMed study. Cardiol J 2014;21(5):539-546.
[doi: 10.5603/CJ.a2014.0005] [Medline: 24526507]
33. Reid R, Morrin LI, Beaton LJ, Papadakis S, Kocourek J, McDonnell L, et al. Randomized trial of an internet-based
computer-tailored expert system for physical activity in patients with heart disease. Eur J Prev Cardiol 2012
Dec;19(6):1357-1364. [doi: 10.1177/1741826711422988] [Medline: 21903744]
34. Tomita MR, Tsai BM, Fisher NM, Kumar NA, Wilding G, Stanton K, et al. Effects of multidisciplinary internet-based
program on management of heart failure. J Multidiscip Healthc 2008 Dec 01;2009(2):13-21 [FREE Full text] [Medline:
20505786]
35. Varnfield M, Karunanithi M, Lee C, Honeyman E, Arnold D, Ding H, et al. Smartphone-based home care model improved
use of cardiac rehabilitation in postmyocardial infarction patients: results from a randomised controlled trial. Heart 2014
Nov;100(22):1770-1779 [FREE Full text] [doi: 10.1136/heartjnl-2014-305783] [Medline: 24973083]
36. Widmer R, Allison TG, Lerman LO, Lerman A. Digital health intervention as an adjunct to cardiac rehabilitation reduces
cardiovascular risk factors and rehospitalizations. J Cardiovasc Transl Res 2015 Jul;8(5):283-292 [FREE Full text] [doi:
10.1007/s12265-015-9629-1] [Medline: 25946990]
37. Ades PA, Pashkow FJ, Fletcher G, Pina IL, Zohman LR, Nestor JR. A controlled trial of cardiac rehabilitation in the home
setting using electrocardiographic and voice transtelephonic monitoring. Am Heart J 2000 Mar;139(3):543-548. [doi:
10.1016/S0002-8703(00)90100-5]
38. Furber S, Butler L, Phongsavan P, Mark A, Bauman A. Randomised controlled trial of a pedometer-based telephone
intervention to increase physical activity among cardiac patients not attending cardiac rehabilitation. Patient Educ Couns
2010 Aug;80(2):212-218. [doi: 10.1016/j.pec.2009.11.012] [Medline: 20022201]
39. Hanssen T, Nordrehaug JE, Eide GE, Hanestad BR. Improving outcomes after myocardial infarction: a randomized controlled
trial evaluating effects of a telephone follow-up intervention. Eur J Cardiovasc Prev Rehabil 2007 Jun;14(3):429-437. [doi:
10.1097/HJR.0b013e32801da123] [Medline: 17568244]
40. Artinian N, Harden JK, Kronenberg MW, Vander Wal JS, Daher E, Stephens Q, et al. Pilot study of a Web-based compliance
monitoring device for patients with congestive heart failure. Heart Lung 2003 Jul;32(4):226-233 [FREE Full text] [doi:
10.1016/S0147-9563(03)00026-8] [Medline: 12891162]
41. Barnason S, Zimmerman L, Nieveen J, Schulz P, Miller C, Hertzog M, et al. Influence of a symptom management telehealth
intervention on older adults' early recovery outcomes after coronary artery bypass surgery. Heart Lung 2009;38(5):364-376
[FREE Full text] [doi: 10.1016/j.hrtlng.2009.01.005] [Medline: 19755186]
42. Lee Y, Hur S, Sohn J, Lee H, Park N, Cho Y, et al. Impact of home-based exercise training with wireless monitoring on
patients with acute coronary syndrome undergoing percutaneous coronary intervention. J Korean Med Sci 2013
Apr;28(4):564-568 [FREE Full text] [doi: 10.3346/jkms.2013.28.4.564] [Medline: 23580444]
43. Scalvini S, Zanelli E, Comini L, Tomba MD, Troise G, Giordano A. Home-based exercise rehabilitation with telemedicine
following cardiac surgery. J Telemed Telecare 2009;15(6):297-301. [doi: 10.1258/jtt.2009.090208] [Medline: 19720767]
44. Dalleck L, Schmidt LK, Lueker R. Cardiac rehabilitation outcomes in a conventional versus telemedicine-based programme.
J Telemed Telecare 2011;17(5):217-221. [doi: 10.1258/jtt.2010.100407] [Medline: 21508077]
45. Chuang T, Sung W, Chang H, Wang R. Effect of a virtual reality-enhanced exercise protocol after coronary artery bypass
grafting. Phys Ther 2006;86(10):1369-1377 [FREE Full text] [doi: 10.2522/ptj.20050335] [Medline: 17012641]
46. Dane A, Schneider B. Program integrity in primary and early secondary prevention: are implementation effects out of
control? Clin Psychol Rev 1998 Jan;18(1):23-45. [Medline: 9455622]
47. Gresham F, Gansle KA, Noell GH. Treatment integrity in applied behavior analysis with children. J Appl Behav Anal
1993;26(2):257-263 [FREE Full text] [doi: 10.1901/jaba.1993.26-257] [Medline: 8331022]
48. Moncher F, Prinz R. Treatment fidelity in outcome studies. Clin Psychol Rev 1991 Jan;11(3):247-266 [FREE Full text]
[doi: 10.1016/0272-7358(91)90103-2]
49. Odom S, Brown WH, Frey T, Karasu N, Lee Smith-Canter L, Strain PS. Evidence-based practices for young children with
autism: contributions for single-subject design research. Focus Autism Other Dev Disabl 2016 Sep 14;18(3):166-175 [FREE
Full text] [doi: 10.1177/10883576030180030401]
50. Michie S, Johnston M, Francis J, Hardeman W. Behaviour change interventions: developing a classification system. In:
Workshop presented at the 1st annual conference of the UK society for behavioural medicine. 2005 Presented at: 1st annual
conference of the UK society for behavioural medicine; 2005; London.
Abbreviations
ARR: absolute risk reduction
BCTs: behavior change techniques
CHD: coronary heart disease
CR: cardiac rehabilitation
CVD: cardiovascular disease
J Med Internet Res 2017 | vol. 19 | iss. 8 | e281 | p.11http://www.jmir.org/2017/8/e281/
(page number not for citation purposes)
Duff et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
eHealth: electronic health
ICT: information and communication technology
mHealth: mobile health
MRC: Medical Research Council
NICE: National Institute for Health and Care Excellence
NNT: number needed to treat
PA: physical activity
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
RCT: randomized controlled trial
RR: relative risk
SFI: Science Foundation Ireland
Edited by G Eysenbach; submitted 30.03.17; peer-reviewed by A Fisher, R Sigal; comments to author 20.04.17; revised version
received 14.06.17; accepted 01.07.17; published 02.08.17
Please cite as:
Duff OM, Walsh DMJ, Furlong BA, O'Connor NE, Moran KA, Woods CB
Behavior Change Techniques in Physical Activity eHealth Interventions for People With Cardiovascular Disease: Systematic Review
J Med Internet Res 2017;19(8):e281
URL: http://www.jmir.org/2017/8/e281/ 
doi:10.2196/jmir.7782
PMID:28768610
©Orlaith Mairead Duff, Deirdre MJ Walsh, Bróna A Furlong, Noel E O'Connor, Kieran A Moran, Catherine B Woods. Originally
published in the Journal of Medical Internet Research (http://www.jmir.org), 02.08.2017. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Journal of
Medical Internet Research, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.jmir.org/, as well as this copyright and license information must be included.
J Med Internet Res 2017 | vol. 19 | iss. 8 | e281 | p.12http://www.jmir.org/2017/8/e281/
(page number not for citation purposes)
Duff et alJOURNAL OF MEDICAL INTERNET RESEARCH
XSL•FO
RenderX
